INTRODUCTION
============

Venous thromboembolism (VTE) is a disease that encompasses the diagnosis of deep vein thrombosis (DVT) and pulmonary embolism (PE). Despite being a preventable problem, VTE has a high prevalence. Without prophylaxis, the incidence of hospital-acquired DVT is approximately 10% to 40% among medical or general surgery patients and 40% to 60% following major surgery \[[@B1]\]. Also, approximately 10% of hospital deaths are caused by PE \[[@B1],[@B2]\]. The effectiveness of primary thromboprophylaxis, to reduce the frequency of DVT and PE, is supported by well-established scientific evidence. Heparin products that include unfractionated heparin (UH), low-molecular-weight heparin (LMWH), and vitamin K antagonists are the most commonly used prophylactic treatments that have demonstrated good efficacy and cost effectiveness \[[@B1]\]. While these agents have been used for many years, each class has its drawbacks and are far from being \"ideal\" anticoagulants \[[@B2]\]. VTE is feared by most surgeons performing weight loss surgery because of the perception of greater risk for the severely obese patient. VTE is considered one of the major causes of mortality for patients undergoing bariatric surgery with an incidence of DVT and PE of 1-3% and 0.3-2%, respectively. The mortality of those patients with PE has been reported to be as great as 30% \[[@B3]-[@B5]\].

Although the incidence of VTE has been modest, the widespread increase in bariatric surgery and the adoption of laparoscopic techniques could lead to a relatively large number of patients developing, and possibly dying of, VTE \[[@B4],[@B5]\]. Because these are potentially preventable deaths, primary prevention is the key to reducing the morbidity and mortality of VTE.

Despite universal agreement on the need for thromboprophylaxis, no clear consensus has been reached regarding the best regimen and treatment duration. Current modalities of thromboprophylaxis include subcutaneous injection of unfractionated or low molecular weight heparin, pneumatic compression devices, elastic stockings, and inferior vena cava filters \[[@B5],[@B6]\]. It is certain that prophylaxis has to be given in bariatric surgery patients \[[@B6]\]. However, the optimal dose, the timing and the duration of the treatment are still unknown. Some regimens consist of UH given 5,000 IU subcutaneously every 8 hours or enoxaparin 30 to 40 mg subcutaneously every 12 hours. Some groups have increased the LMWH dose up to 60 mg twice daily but some bleeding complications have occurred. The duration of the treatment is also unknown, even if it appears that expending pharmacological prophylaxis after discharge for 1 or 2 weeks is well tolerated and effective \[[@B7]-[@B9]\].

For this reason, the aim of our study was to identify the effects and complications of clinical postoperative VTE in morbidly obese patients undergoing laparoscopic bariatric surgery in a 2-week VTE prophylaxis regimen using LMWH.

METHODS
=======

This study was approved by the Institutional Review Board for human investigation of Soonchunhyang University Seoul Hospital. The patients were studied retrospectively from a prospective database from April, 2009 to December, 2011. We identified all patients with a minimum of 6 months of follow-up who had undergone a laparoscopic bariatric procedure (i.e., laparoscopic adjustable gastric banding, laparoscopic Roux-en-Y gastric bypass, laparoscopic sleeve gastrectomy). There was no history of VTE prior to surgery. A protocol of thromboprophylaxis was followed. Patients received Clexane 4,000 IU subcutaneously once daily for 2 weeks. The patients were trained to self-administer the injections before discharge. Before discharge from the hospital, we gave information on using Clexane and methods to every patient, and we checked the patients who used Clexane 4,000 IU subcutaneously once daily for 2 weeks in the out-patient clinic after 2 weeks. Early mobilization from the postoperative day was mandatory. Whole leg compression stockings and pneumatic compression devices were also used during the hospitalization periods. This protocol was consecutively used in 200 patients who had bariatric surgery in Soonchunhyang University Seoul Hospital.

Patients were given their first follow-up appointment 2 weeks after surgery and were subsequently reviewed one month, 3 months, and 6 months after surgery. The patients were followed up for a minimum of 6 months after surgery to determine the incidence of clinical VTE. Development of VTE was assessed by direct interview and physical examination in out-patient clinic and phone calls to the patients for history taking if needed. The history taking was presented in questionnaire format. The patients were asked to state their symptoms about VTE by answering the questionnaire. The symptom of the VTE is such as if the patients had dyspnea, chest pain, hemoptysis, leg swelling, calf pain ([Suppl. 1](#S1){ref-type="supplementary-material"}).

The following data were extracted from the medical records of all patients: age, gender, body mass index (BMI), previous abdominal surgery, bariatric surgical procedure, hospital stays, morbidity, and previous VTE.

Three different types of bariatric surgery were performed, Roux-en-Y gastric bypass, gastric banding, and sleeve gastrectomy. All procedures were performed laparoscopically, and there was no open conversion. Gastric bypass was performed in an antecolic, antegastric Roux-en-Y manner to an approximately 30 mL gastric pouch with the bilioenteric limb measuring 50 to 100 cm and the alimentary limb measuring 75 to 150 cm. The anastomoses were stapled. Gastric banding involved a pars flaccida approach and fixation of the band with anterior gastropexy. Sleeve gastrectomy was constructed after full mobilization of the body and fundus of the stomach over a 34 Fr orogastric tube with stapler division beginning 4 to 6 cm from the pylorus.

RESULTS
=======

The study population consisted of 200 cases that there were 191 primary cases and 9 revision cases. In primary cases, laparoscopic adjustable banding were 4 cases, laparoscopic sleeve gastrectomy were 132 cases, and laparoscopic Roux-en-Y gastric bypass were 55 cases. The revision operations were 9 cases consisting of 3 laparoscopic sleeve gastectomies and 6 laparoscopic Roux-en-Y gastric bypasses ([Table 1](#T1){ref-type="table"}). The patients\' mean age was 35 years (range, 14 to 63 years). Male to female ratio was 32 versus 168, and mean weight was 105 kg with mean BMI of 39 kg/m^2^. Major complications were 10 cases (5%), reoperations were 4 cases (2%) ([Table 2](#T2){ref-type="table"}). The number of patients who had diabetes mellitus was 27%, hypertension was 34% ([Table 3](#T3){ref-type="table"}).

One hundred ninety-three patients completed a 2-week Clexane therapy (97%). Clexane was stopped in 7 patients. Among them, 5 patients had surgical related complication. 4 patients had intra-abdominal bleeding and 1 patient had reoperation due to leak. Among 4 bleeding patients, two patients stopped bleeding without transfusion. And the other two patients had reoperation. In those two cases, bleeding was stopped by reoperation. Two patients had potentially Clexane related problems. One patient had epistaxis and needed electric cautery to stop bleeding, and 1 patient had metrorrhagia needing oxytocin to stop bleeding ([Table 4](#T4){ref-type="table"}). Epistaxis and metrorrhagia occurred after 2 weeks from operation.

Mean follow-up periods was 9 months. We lost follow up in 12 patients (6%). More than 6 months follow-up of outpatient clinic was with 136 patients (68%), and more than 6 months follow-up of outpatient clinic and phone call was with 177 patients (89%). The overall incidence of symptomatic postoperative VTE was 0%.

DISCUSSION
==========

The results of the present study have shown that within an active thromboprophylaxis program that includes additional measures for higher risk patients, laparoscopic bariatric surgery is associated with a low incidence of clinical VTE. But no consensus has yet been reached on the prophylactic regimen or the optimal LMWH dose and the duration for prophylaxis in the patients undergoing laparoscopic bariatric surgery \[[@B7]-[@B10]\]. Hamad et al. \[[@B10]\] described the dose and the duration of LMWH used in this study varied among the study centers. There are few data from randomized controlled trials to determine the optimal prophylactic dose of LMWH in obese patients undergoing bariatric surgery. Kalfarentzos et al. \[[@B11]\] randomly assigned 60 gastric bypass patients to two different doses of LMWH. The lower dose of 5,700 IU was as effective as the 9,500 IU dose and was associated with fewer bleeding complications. Two studies have questioned the use of a fixed dose, as opposed to a weight-based (mg/kg) dose of LMWH in obese patients \[[@B12],[@B13]\]. Frederiksen et al. \[[@B14]\] demonstrated a strong negative correlation between body weight and the anticoagulant effect of a fixed dose of enoxaparin (40 mg) \[[@B15]-[@B17]\].

In one study of 1,025 patients who underwent laparoscopic or open gastric bypass, those who bled were significantly more likely to have received preoperative LMWH versus no VTE prophylaxis for major colon and rectal surgery; LMWH significantly reduce the risk of postoperative VTE but was associated with a significantly greater rate of bleeding-related complications \[[@B12],[@B18],[@B19]\]. Scholten et al. \[[@B20]\] observed bleeding of 0.3% and 1.1% in patients receiving LMWH 40 mg q 12 hours and 30 mg q 12 hours, respectively. In our study, 193 patients were completed 2-week Clexane therapy (97%). Clexane was stopped in 7 patients due to complications (3%). Four patients had bleeding and 1 patient had reoperation due to leak. Four patients had intraluminal bleeding; among them, two patients stopped bleeding without transfusion, two patients had reoperation. In the latter two cases, bleeding was stopped at the time of reoperation. However, we thought that the bleeding focus of one was on the remnant stomach stapler line, and the other near the mesentery. Yet we could not exclude the cause of bleeding being due to using Clexane, but in every four cases, this bleeding happened on operation day, so we decided that this bleeding is related to the operation itself, not Clexane therapy. In addition, 2 patients had potential Clexane related problems. One patient had epistaxis, and 1 patient had metrorrhagia. There was no severe major bleeding in our study. Also, there was no development of symptomatic VTE. As judged from our study, the problem with thromboembolic complications after obesity surgery seems to be small and infrequent. There are only two prospective studies in the literature on the incidence of thromboembolic disease after obesity surgery using objective testing in addition to the present study \[[@B21]\]. As judged from these studies, thromboembolic complications appear to be rare after obesity surgery.

Most of bariatric surgeons still use mechanical devices such as sequential compression devices in conjunction with a type of heparin \[[@B7]-[@B10]\]. Chemical prophylaxis used alone has not been proved to be superior to the use of mechanical devices as prophylaxis against DVT, and some have suggested that the addition of heparin to mechanical devices are used appropriately \<50% of the time when indicated for a patient, despite being properly ordered \[[@B7],[@B22]\]. Therefore, the use or addition of a type of heparin in addition to mechanical devices seems justified. For this reason, in our study, whole-leg compression stockings and pneumatic compression devices were also used.

A minimum of 6 months follow-up for the analysis of VTE incidence was chosen because the published data have suggested that at that point the risk of postoperative VTE should have return to the basal level. Furthermore, 6 months postoperatively, significant weight loss has usually occurred, thereby reducing the risk of VTE further \[[@B22],[@B23]\].

We accept that our study probably underestimated the true incidence of postoperative VTE after laparoscopic bariatric surgery, because we only included symptomatic patients in our analysis and did not routinely screen for silent VTE using duplex ultrasonography or plethysmography. However, given the low-recorded incidence of VTE in bariatric patients, the cost/benefit advantage of such screening would have been dubious, because it would be unlikely to detect DVTs of clinical significance \[[@B21]-[@B23]\].

The limitation of this study is that it is a retrospective design with no randomization. Further, long-term follow-up is necessary to evaluate VTE. Indeed, to establish a consensus guideline for LMWH prophylaxis treatment, a large-scale prospective randomized study is necessary.

In conclusion, the results of our study have demonstrated that a 2-week VTE prophylaxis regimen using LMWH after bariatric surgery is both simple and effective, is safe with very low incidence of VTE and bleeding complications.
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